tion that mankind can never forget that you have lived; future nations will know by history only that the loathsome small-pox has existed, and by you has been extirpated ... .".I The optimism voiced by Jefferson proved to be highly premature. In the last decade, the vast resources of the World Health Organization have been brought to bear on the problem of world-wide eradication of variola; even so, the last pockets of infection have proved more persistent than expected, and optimistic estimates far more recent than Jefferson's remain so far unfulfilled.2 On the other hand, in the absence of an animal carrier of the virus of smallpox, complete eradication may be obtained with the help of vaccination, while bubonic plague, carried by a number of rodents, remains endemic over large areas of the globe, including North America. Thus twentieth-century public health authorities still face some degree of challenge from the two major scourges of mankind, which through massive epidemic outbreaks exercised natural population control on 19 April 1978, the WHO announced the offer of a global reward for any report of a case of smallpox.
Lise Wilkinson
In trying to assess the influence wielded by smallpox on social and political history, or just to determine the chronology of the disease, one is hampered by the inability to identify the disease with any degree of certainty from extant descriptions before A.D. 900, and sometimes much later. The virus of smallpox is known to vary in virulence,3 and inaccurate or inadequate descriptions of the clinical picture offer rich opportunities for confusion with a number of other fevers accompanied by rashes and pustules. Dixon' has provided a sober account of the known early history of the disease, and of the difficulties inherent in attempts to identify it in retrospect. He points out that the abundant lesions on the face and body of the mummified Rameses V, who died about 1100 B.C. of an acute infectious disease, are very similar to those of malignant smallpox. It is therefore curious that there is no mention of smallpox in Hippocrates' otherwise copious volumes of clinical descriptions, nor elsewhere in the Greek and Roman medical literature according to Dixon, although some other authors have attempted to identify destructive epidemics which contributed to the decline of the Roman empire in the third and fourth centuries as outbreaks of smallpox.5
Nor does contemporary terminology in any way clarify the issue. Even when the term "variola" first appeared6 it was not accompanied by a clinical description, and we have no way of knowing whether or not it referred to smallpox. For several hundred years after the introduction of the terms "variola" and "morbilli", the diseases they refer to can in no certain way be distinguished as smallpox and measles, respectively, on the basis of the inadequate clinical descriptions. In the case of smallpox, the confusion with chicken-pox further clouds retrospective epidemiological considerations.7
The first identifiable account of smallpox is found in the Arabic medical literature of the tenth century.8 Its author was Abu Bakr Mu hamad Ibn Zakariyya al-Razi, ' Within the three major types of smallpox, case fatality ratios vary considerably in individual outbreaks. The following values were given recently by J. H. Nakano: Variola major (case fatality ratio 15-40 per cent); variola intermediate (case fatality ratio 5-15 per cent); and variola minor, or alastrim (case fatality ratio below one per cent). J. H. Nakano, ' Comparative diagnosis of pox virus diseases', in E. and C. Kurstak (editors), Comparative diagosis of viral diseases, New York, San Smallpox and the evolution of ideas on acute (viral) infections better known in the West as Rhazes, who distinguished clinically between smallpox and measles." He believed that smallpox attacked primarily young children, and that in the exceptional cases seen of the disease occurring in young men, the individuals affected were susceptible because of an earlier attack of chicken-pox. The curious reasoning behind this belief was based on Rhazes' conviction that the aetiology of these diseases was closely connected with the changing conditions of the blood. He had a theory that the "unfermented" blood of infants passed through a stage of fermentation in growing children, until it reached its optimum condition in young adult men in whom it ". . . may be compared to must which has already fermented and made a hissing noise, and has thrown out abundant vapours and its superfluous parts, like wine which is now still and quiet and arrived at its full strength . . .".10
The uncertainty with regard to the history of the disease is reflected already in the writings of Rhazes. He was personally convinced that Galen had known and mentioned smallpox; but he was forced to admit that there was little detail in Galen's writings, at least in the part he had read which had been "published in Arabic". As for the remaining parts of Galen's corpus of work, Rhazes informs his readers that he has consulted "those who use both the Syriac and Greek languages", but that they could add nothing to his information, and ". . . indeed most of them did not know what [Galen] meant by those passages which I have distinctly quoted".''
The Arabic school, so ably represented above all by Rhazes and, nearly a century later, by Avicenna, held sway throughout the Dark Ages and the early Middle Ages. Their followers believed without reservations in the "sweating regimen", the treatment first recommended by Rhazes (although he did also recommend initial cooling, cupping, and blood-letting in order, ifpossible, to prevent eruption), and subsequently adhered to, to the discomfort, if not worse, of the patients. The treatment consisted in covering up the patient (already well equipped with "a double shirt, with the upper border closely buttoned") in heavy blankets in an over-heated room, and administering "heating medicines and cordials". To complete the stiffing qualities of the sickroom Rhazes recommended placing underneath the patient's bed ". . . two small basins of boiling water, one before and the other behind him, so that the vapour may come to the whole body except the face; and the skin may be rarefied, and disposed to receive and evaporate the superfluous humours . . .".12
Six centuries later, Thomas Sydenham revolutionized the treatment of smallpox by boldly recommending the complete antithesis of the teaching of Rhazes and of later writers. Sydenham countered the heat therapy still in vogue in the seventeenth century with his "cooling regimen", which he believed helped nature to do ". . . her own work at her own rate; both excreting and expelling the morbific matter in due course and time".13 Sydenham Smallpox and the evolution of ideas on acute (viral) infections adhered strictly to Arabic tradition in recommending an unalleviated heating regimen, including pore-opening decoctions. Fracastoro's sixteenth-century mind did not exclude elements of mysticism from his thinking; the effects of unfortunate constellations of the planets and related phenomena were also taken into consideration.20 A century later, Sydenham believed that the pattern of epidemics was determined by what he called "epidemic constitution", and this in turn depended upon certain mysterious atmospheric conditions. Aided by contemporary meteorological studies by his friends Robert Hooke and John Locke, he attempted to demonstrate a correlation between annual weather patterns and the occurrence of epidemics.21 When the attempt not surprisingly failed, he concluded that the different "constitutions" found in different years with similar prevailing weather patterns must be due to "hidden and inexplicable changes within the bowels of the earth"." Such reasoning was easily accepted at a time when an endemic situation was explained as the omnipresence of the "seed" of smallpox, to be activated by adverse external circumstances or injudicious dietary measures. When inoculation was introduced in the eighteenth century, severe restrictions in diet and temperature were imposed prior to treatment in a misconceived effort -to stave off ill effects. Not surprisingly, the results were sometimes disastrous; by mid-century when the practice of variolation had become a well-established fact, the more enlightened inoculators such as Sir George Baker2s and Angelo Gatti24 were well aware of the danger inherent in this approach and warned against it.
In discussing the views of Fracastoro and of Sydenham it is necessary to make certain reservations. Not only must they be seen in the context of their time, and not be judged by the exacting standards of later knowledge and terminology; but the problems are compounded by actual linguistic difficulties. Fracastoro Sydenham's writings on smallpox had been prompted by extensive and increasingly severe epidemics in England and on the European continent during the 1660s and 1670s. At this time we also find the first accounts of what has been seen as the seeds of the practice of variolation in Europe, but which in its origins was more closely related to witchcraft.28 Thomas Bartholin of Copenhagen, famed as an anatomist rather than a pathologist,29 called it "Transplantation of disease", and pronounced it "a stupendous remedy, by means of which the ailments of this or that person are transferred to a brute animal, or to another person, or to some inanimate thing",-" a practice possible, according to Bartholin, in cases of smallpox, plague, syphilis, and dysentery. A more legitimate claim to have been a precursor of variolation can be made on behalf of the practice of "buying the smallpox", i.e. children being sent to buy crusts from mild cases of smallpox for a few pennies, which apparently was quite common in rural districts in a number of European countries towards the end of the seventeenth century.31
Whatever its origins, the superstitious practice of transference had become the, still to some extent superstitious, practice of inoculation or engrafting when Giacomo Pylarino32 found it performed by a Greek woman during a serious outbreak of smallpox in Constantinople in 1701. When Pylarino subsequently informed the world of his discovery he still used the word "transference", while the term "inoculation" was introduced in an account of the practice rendered to the Royal Society in London by Emanuel Timone" in December 1713.34 A year after the appearance of Lise Wilkinson facilitated the acceptance of the practice of inoculation in certain educated circles in Europe and America during the eighteenth century. There was a great deal of unfavourable reaction as well, especially from factions of the medical profession and the Church. In France the opposition far outweighed the voices raised in defence of inoculation, in spite of support from Voltaire," and acceptance of the practice was considerably slower than in England and America.46 As a result of the controversy, much was written for and against inoculation throughout the century of the Enlightenment; and in medical terms, enlightenment was reflected in the more advanced views on infection and contagion being expressed in eighteenth-century writings on smallpox.
The Singers have reminded us that the 1720s were "peculiarly rich" in works attempting to understand the nature of infection.'7 A number of these were concerned especially with the plague;4" Benjamin Marten wrote remarkably lucidly on consumption in a volume published in 1720,49 in which he also included smallpox in a more general discussion of "Specific diseases due to specific organisms". 
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Lise Wilkinson that even very small quantities of infected material would produce specific diseases when introduced into the human body because of their ability to multiply once inside an otherwise healthy organism, and that this applied equally to the various specific "poisons" contained in "the pus of a pestiferous bubo, the saliva of a person suffering from rabies, the virus from a smallpox sufferer"." Gatti's attempts to "weaken the variolous poison" were well conceived, but not really successful. There were too many unknown factors, and occasionally Gatti's activities may have done his cause more harm than good.78
Gatti is said to have been a persuasive talker, and his published works were enhanced by the beguiling prose of Andr6 Morellet. In the intellectual climate of mideighteenth-century France, the attention of friend and foe alike ensured maximum publicity for his thoughts and ideas.79 Less well known, but also interesting, views on attenuation and inoculation were held by the Dane, C. F. Rottboll, who had spent some months in Paris before the arrival of Gatti." Like Gatti, Rottb6ll campaigned against the unnecessary and often harmful "preparation" of patients prior to inoculation;81 and he also believed that the matter used for inoculation could eventually be attenuated by passage through the organism. Smallpox and the evolution of ideas on acute (viral) infections By the late 1750s variolation had become a well-known, if by no means a universally accepted practice. Some physicians who believed in its advantages began to suggest that a similar method might be developed to avoid, if possible, the severe pulmonary complications sometimes developing in naturally transmitted measles. Hektoen has reviewed these early endeavours ;84 they seem to have been of little avail except in the prejudiced estimation of their initiators. The report published by Francis Home in Edinburgh in 1759 may well have been the result of work directly derived from suggestions made by Alexander Monro (secundus) two years before.85 Monro, drawing the obvious parallel with variolous inoculation, proposed the application of matter from pustules or spots to a small incision; Home found that in actual practice there was only a negligible amount of "matter" to be had from the measles rash. Instead he used blood "from the most feverish patients", taken "when it contained the morbific matter in the highest state of acrimony". Less than ten years later, the recommended source of measles "matter" for inoculation had become "the watery humour that stands in the eyes of persons ill of the measles about the time of the crisis".87
Interest in the eruptive fevers during this period also produced, in 1767, the first clinical description of chicken-pox as a separate entity distinct from smallpox. Written by the elder Heberden88 it is a lucid and definitive account. Its appearance was prompted, Heberden points out, by the danger of this relatively mild complaint being confused with smallpox, and thus lulling its victims into a false sense of security in the belief that they would henceforth be immune to smallpox.89 In fact, there can be little doubt that varicella had been known for centuries, and it may have been described as a mild form of smallpox not only by Rhazes and Avicenna, but also by Indian writers.90 In the sixteenth century it was referred to as "crystalli", while the common name of "chicken-pocks" had long been in use in rural England when Richard Morton in the seventeenth century bestowed it on what he called "variola benigna" as opposed to "variola maligna". In his trenchant passages on the nature of smallpox infection, Gatti had alluded to the infectious agent as a specific, self-producing poison. When he referred to the "virus", the term took on the meaning of the lymph contained in vesicles. It was in this same sense that Edward Jenner used the word "virus" when he published his famous treatise99 in 1798, the year of Gatti's death; but in their approach to the problem of smallpox, the two men were entirely different. Gatti Lise Wilkinson microscopes to study general physiological phenomena in the lower animals, which lent themselves more easily to experimentation. Having published a classic series of studies of the nervous and reproductive systems of molluscs, he turned in the last few years of his life"09 to the study of vaccinia lymph. Regrettably, the paper he published in 1868 in Virchow's Archiv contains no illustrations;110 but when he observed "molecules as fine points of barely measurable dimensions" he may conceivably have seen the same elementary bodies which Buist was to stain and depict in 1886. 111 Keber had ascertained that even lymph diluted with water was able to induce the formation of true pustules in his patients, and it led him to suggest that it might be the cell-like formations suspended in the lymph rather than the liquid itself which were the active constituents. To test this hypothesis Keber designed a primitive filter experiment, with the means at his disposal. He filtered small amounts of fresh vaccinia lymph through "Swedish filter paper", and used the filtrate for inoculation. To his surprise, he found that the filtrate induced pustules, suitable for re-inoculation, in susceptible individuals. Keber re-examined the active filtrate under the microscope, and found that although the larger particles ("Kornchenzellen") had been retained by the filter, a number of "nuclei and molecules"'12 had passed through the filter with the liquid. Keber made his observations on lymph taken straight from the pustules of his patients undergoing vaccination. More than half a century earlier, Luigi Sacco in Milan had recorded microscopical observations of vaccinia lymph of varying degrees of maturity (six days, eight days, etc.). Sacco's experiments were well planned and executed; but his instruments and techniques were primitive and his results of minor importance, except perhaps as a notable first in painstaking microscopic examination of clinical material."L8 But by 1868, when Keber's observations were published, the deliberate search for agents of infectious disease was fuelled by a new-found sense of reality. The studies of anthrax had moved, during the 1860s and 1870s, from Davaine's at first tentative but over the years increasingly confident experiments, to culminate in the definitive works of Koch"4 and of Pasteur and Joubert,L"' which not only solved the question of the aetiology, but Lise Wilkinson relationship between variola and vaccinia. In a classic study, the commission found that inoculation with variola did not produce cowpox in cattle, nor horsepox in horses. Among the published conclusions is also the laconic sentence: "Transmitted to man, it [variola passed through bovines] produces variola". Some authors who have later referred to the report in laudatory terms have studiously ignored the experiments on which this statement was based. In fact, a total of seven children were inoculated with variola which had been passed through cattle and horses; two developed confluent smallpox, the others the discrete but characteristic form.122
Less than three months later Chauveau presented at the Acad6mie de Medecine what amounted to an apologia for these experiments, referring to the "heavy responsibility" assumed by the commission in carrying out the study, and "in particular the experiments involving children".123 The Lyonnaise committee certainly seems to have got off lightly when one considers the concern later aroused over yellow fever experiments.lM Three years later Chauveau had completed a detailed examination, published in the proceedings of the Acad6mie des Sciences, of the theory of contagion and infection. It was preceded by three papers on the nature of virus, exploring the properties of what Chauveau called the "virulent principle" of vaccinia, variola, and glanders. Like Keber, Chauveau was attempting to learn about the nature of the agent by assessing the activity ofdifferent fractions of the lymph. Instead of ifitration, Chauveau used diffusion, showing that none of the three agents investigated diffused from the lymph into a superimposed layer of water, and that consequently they could not be dissolved substances.l1 Hence, in spite of the difference between, on the one hand, diseases such as rabies, syphilis, and vaccinia, which are transmitted directly only in very special circumstances, and, on the other hand, those which like variola and foot-and-mouth disease appear to spread freely through the surrounding atmosphere, the disease agents were, in all of the cases examined, to be found, in diffusion experiments, in the fraction containing solid particles. Chauveau saw his results as a complete rejection of the suggestion that disease agents might be divided into "virusfixes" and "virus volatils", and concluded that the activity in virulent lymph, be it from vaccinia, variola, or glanders, resides in suspended particles. Chauveau 
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Smallpox and the evolution of ideas on acute (viral) infections out to be another virus disease: cattle plague, or rinderpest.127 For this purpose Burdon-Sanderson used parchment paper, and reached the same conclusion as Chauveau in the above cases. In 1868 Burdon-Sanderson visited Chauveau in Lyons, and a certain amount of collaboration ensued; returning to London, BurdonSanderson improved the diffusion method by modifications to the apparatus used. 128 Pasteur, who at the time was involved in the study of silkworm disease but had not yet turned his attention to human pathogens, admired the clear design and elegant execution of Chauveau's studies, and said so.129 More than ten years later, when his own work on the development of vaccines had increased his confidence and given added weight to his opinions in the area of human infectious disease, he again expressed his support for Chauveau's work on vaccinia and variola in the Academie de Medecine, and was challenged to a duel for his pains by an irate octogenarian, one Jules Guermin.130 The year was now 1880, and the understanding of micro-organisms and of their role in pathogenesis had advanced very considerably since the publication of Chauveau's earlier studies. A number of disease agents had been seen under the microscope in the laboratories of Koch and of Pasteur, had been grown in culture, and been unequivocally linked with their respective diseases according to Koch's postulates.131 Armed with such new insight, Pasteur was beginning to be able to control some of these diseases by the development of vaccines.132
Increased knowledge of the nature of pathogens was accompanied by slowly improving possibilities of preventing epidemic outbreaks of certain infections. By the late nineteenth century, hopes of effective control of infectious disease had progressed from the vague and wistful suggestion by Gatti concerning the attenuation of smallpox virus by passage through "a number of bodies", via Jenner's stroke of luck, and Chauveau's bold experiments to Pasteur's deliberate attenuation of chicken Lise Wilkinson cholera cultures by exposure to atmospheric oxygen and controlled heat.133 After the successful development of vaccines against anthrax'34 and chicken cholera, Pasteur turned to the much more difficult problem of post-exposure prophylaxis against rabies, and was able eventually to produce a vaccine in spite of the prevailing ignorance of the identity of the pathogen involved. By 1885, when rabies vaccine was first used prophylactically in man, attempts had been made to control smallpox epidemics first by variolation and later by vaccination for the better part of two centuries. Still the agents of smallpox and of cowpox remained almost as much of an enigma as the rabies pathogen.
Almost, but not quite. Certain microscopical observations had been made. Keber had seen "nuclei and molecules" in the filtrate of vaccinia lymph which proved to be still active. In the years following his observations, techniques for the staining of histological material had been greatly improved,'35 and Robert Koch in particular had developed a series ofstains for bacteriological samples. In 1886, John Brown Buist'36 presented to the Royal Society of Edinburgh an account of a study he had carried out in the surgical laboratory at the university. He called his paper 'The life-history of the micro-organisms associated with variola and vaccinia'. Buist had been able to fix and stain (with Koch's aniline methyl-violet stain) samples of lymph from variola and vaccinia pustules, and his method had allowed him to see what he called "spores of micrococci", but which were almost certainly elementary bodies of the pox viruses. Buist quoted the results obtained previously by Keber, Chauveau, and BurdonSanderson; apparently he misread certain passages in Keber's account, since he tells us that the filtrate of Keber's lymph produced no pustules upon inoculation."37 Having discussed his own impeccable microscopical observations, Buist concluded with a rather ingenious misinterpretation, including a reference to, presumably, Pasteur's recent work on vaccines. He wrote: "My observations appear to show that what is called 'attenuation of a virus' may be explained by spore-production. Are not the perfect vaccine materials for infective diseases to be found in the spores of the micro-organisms which are their exciting causes?"'38 Thus Buist's microscopical examinations of vaccinial and variolar lymph led him to believe that the pathogens were spore-forming micrococci. In distant Italy, in another ancient university with a time-honoured medical school, Guiseppe Guarnieri'39 came to a different conclusion a few years later; he also discovered another manifestation characteristic of the pox viruses. Guarnieri also made comparative studies of vaccinia and variola, but he was not content to examine only the lymph from the I" L. Pasteur, ' 
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Smallpox and the evolution of ideas on acute (viral) infections pustules. Interested in the pathological anatomy of the lesions, Guarnieri examined microscopically specimens from patients who had died of smallpox (regretting that his material was "of necessity collected only several hours after death had occurred.")"40
Describing his observations, Guarnieri left us the first record of inclusion bodies in vaccinia and variola. For his experiments with vaccinia, he found the pustules produced by inoculation in the mammary region of ewes and rabbits unsatisfactory, and he proceeded to use what was to become the classic tissue for histological study of this type of inclusion body, namely the rabbit cornea.141 Drawing on his detailed and meticulous observations of the epithelial changes in the infected rabbit cornea, and relating these observations to the ones made on post-mortem material from fatal cases of variola in man, he drew his conclusions. While acknowledging the possibility of future improved studies of the morphology and biology of the responsible "microorganism",142 Guarnieri had few reservations in announcing his verdict. He described, with suitable illustrations, what he considered to be the protozoa which he identified as the aetiological agents responsible for variola and vaccinia, respectively. In Guarnieri's preparations, they appeared to be amoeboid, undergoing characteristic changes although, he wrote "Their amoeboid movements . . . are sluggish, much slower than those observed in malarial amoebae in human red cells". Pending further studies, Guarnieri named the protozoa he held responsible Citoryctes vaccinae and Citoryctes variolae, alluding to what he considered their characteristic histopathological invasion of the cells of the protoplasm.143 The protozoal misinterpretation of viral inclusion bodies was to persist well into the 1920s in one form or another;1" but the valiant effort made by Guarnieri has been acknowledged in the linking of his name to the inclusion bodies of variola and vaccinia to this day.
Guarnieri also strengthened his case by allusion to similar "protozoal parasites" associated with a disease with similar epithelial manifestations in pigeons, and originally described by a colleague of his at Pisa, one Sebastiano Rivolta,' 45 The question of the inter-relationship of vaccinia and variola which had so exercized the minds of the members of the French Academy of Medicine since Chauveau's first studies, was taken up in Britain by S. Monckton Copeman in the late nineteenth and early twentieth centuries, just as the new concept offilterable viruses was emerging. Copeman was familiar with Burdon-Sanderson's and Chauveau's papers of the 1860s,'5' but, unlike them, he reached the conclusion that the agents of smallpox and of vaccinia were essentially identical, and that vaccinia could be produced in the calf by inoculation of lymph from ". . . a mild and strictly localised form of small-pox ... induced in the monkey by inoculation of material from cases of the generalised disease in man . . .". His results left him convinced that ". . . the vaccinia of Jenner's time was derived, in all probability, from a comparatively mild form of human small-pox".152 As late as 1937, T. J. Mackie and C. E. van Rooyen seemed to make no distinction between the two when, discussing the relative contributions made by Buist and by Paschen, they wrote suggesting the name Buistia pascheni "as the specific name of the variola-vaccinia virus".153 Monckton Copeman's study of the inter-relationship of the viruses of vaccinia and variola was published in 1903. Five years earlier, in the Milroy Lectures for 1898, he had discussed at length his own extensive research into the nature of the agent of vaccinia, including perhaps the first known attempt to grow a virus in the hen's egg, not only before the pox viruses had been formally included in the group of filterable viruses, but in fact just as the group as such was becoming established. Copeman described in detail his reasons for choosing eggs for his purpose, and added the tantalizingly casual remark: ". . . the hen's egg, which has already been made use of as an alternative culture medium". Unfortunately he neglected to tell his readers where or how, or by whom, it had previously been used, and there is no literature reference;'" and in any case he also added that he had "no experience to guide me as to the best method of carrying out the inoculation of the egg. . 155 He seems 14Francesco Sanfelice (1866 Sanfelice ( -1945 to have achieved some degree of proliferation of the virus in eggs, when they were kept on beds of cotton-wool in an incubator at a temperature of 37°C; but his experiments were not extensive, and the results not very clear. The book as well as the papers repeatedly draw attention to what remains Copeman's main contribution in this area, namely the introduction of "glycerinated lymph". 156 By now, just before the turn of the century, work on the viruses of the mosaic disease of the tobacco plant and of foot-and-mouth disease in cattle had established the existence ofwhat was henceforth to be known as "filterable" or "invisible" viruses. The large size of the pox viruses,157 and the difficulty in purifying them, made them no easy object for filtration in the early years; the first to be included, on account of invisibility rather than filterability, was the virus of rabbit myxomatosis, by Sanarelli, in 1898.158 Failing to find any activity in filtered lymph, Sanarelli obtained, by use of centrifugation, an "optically completely pure and totally sterile serum"'159 which retained full infectivity. If Sanarelli was unable to distinguish any particles in the "completely pure and totally sterile serum", others were soon to make observations to match Buist's "spores of micrococci" and Keber's "nuclei and molecules" in what were now more sophisticated studies.
In Lise Wilkinson Jk6mentaires. Von Prowazek adopted the term, translating it into German, and appended illustrations (Figure 2) clearly showing elementary bodies, stained after Giemsa. The following year Paschenl5 modified Loeffler's flagellar stain for preparations of vaccinia and variola lymph, and identified himself with the belief that the elementary bodies observed were the infective particles. In recognition of Paschen's extensive studies in this field the bodies subsequently have been referred to as "Paschen bodies".
The year 1905 saw another important development in the study of the virus of vaccinia. Negri, who two years earlier had recorded his observations of the inclusion bodies in rabies material which have since borne his name,166 succeeded in passing the virus from material freshly collected from a heifer, and diluted with ten to twelve times its weight of distilled water, through a Berkefeld V filter.167 Soaking a pad of cotton-wool in the filtrate, Negri placed this in contact with a scratch on the cornea of a rabbit. After a period of about sixty hours, microscopic examination revealed the presence of typical Guarnieri bodies in the corneal cells.168 With the corneal material Negri was subsequently able to reproduce characteristic vaccinia pustules on the cow's udder.
Von Prowazek's main interest in vaccinia was not really in the elementary bodies, but in the larger inclusions first observed by Guarnieri.'69 They became a cornerstone in his theory of chlamydozoa, or "mantled animals", the term invented by von Prowazek to designate the inclusion bodies characteristic of rabies, pox virus diseases, fowl pest, molluscum contagiosum, and trachoma, all of which furnished material for his keen histological studies.170 Although von Prowazek was primarily a protozoologist and coined the name chlamydozoa for the viral inclusion bodies, he seems never seriously to have considered them to be protozoa; because of their differential reaction to the Giemsa stain he assumed from the beginning that the "mantle" was a product of the host cell formed in response to the invasion by elementary bodies.171 Consequently he had no difficulty in accepting Lipschiitz' modification of his theory, presented two years later, in 1909, which used the term "strongyloplasma" for the same group of agents, emphasizing the role of the granules, or elementary bodies, as the actual pathogen.172
Lipschiitz and von Prowazek also brought their considerable talent in the field of microscopy to bear on another, far less intensively studied, pox virus disease, that of molluscum contagioswn. If this pox virus disease has received far less attention than most others, its inclusion bodies do have the distinction of having been observed and recorded long before those of variola and vaccinia, and even of fowl pox. ' Armed with such an accumulation of essential basic knowledge, and with so many sophisticated techniques, it would seem that we are reasonably well equipped to control any future outbreaks of known or unknown pox viruses. Perhaps one of the most spectacular of the new techniques which the molecular geneticists have developed in recent years and which allows them to determine the sequence of nucleotides in small viruses,206 will eventually enable them also to present a definitive solution to the age-old question of the identity and inter-relationship of vaccinia and the other huge pox viruses.
SUMMARY
Because of its wide distribution, high infectivity, and high fatality rates in many outbreaks, smallpox has attracted much attention throughout the centuries. The resulting copious literature has consequently reflected general attitudes to infectious disease, and concepts such as infectivity, transmissibility, and immunity (acquired naturally or by inoculation and, later, vaccination) have probably had more early attention in relation to smallpox than to most other infectious diseases. In the present paper an attempt is made to follow the changing fortunes of the above concepts as reflected in selected studies of the disease from the tenth century to the present day
